OBJECTIVE -To evaluate the impact of baseline disease variables related to diabetes and diabetic neuropathy severity on efficacy and safety of duloxetine in the management of diabetic peripheral neuropathic pain.
D
iabetic neuropathy has been reported in approximately one-third of patients with diabetes (1) . The most commonly reported form of neuropathy is polyneuropathy, also called diabetic peripheral neuropathy, a common and debilitating complication of diabetes (2) . Pain in the feet characterized as sharp, stabbing, or burning is observed in 16 -26% of diabetic patients (3, 4) . They also may complain of pain in response to normally nonpainful stimuli (allodynia).
Serotonergic and noradrenergic neurons have been implicated in the mediation of endogenous pain inhibitory mechanisms via descending inhibitory pain pathways in the brain and spinal cord (5, 6) . In pathological pain states, these endogenous pain inhibitory mechanisms may be dysfunctional, contributing to the central sensitization and hyperexcitability of the spinal and supraspinal pain-transmitting pathways and manifesting as several types of persistent pain, including neuropathic pain (7) .
Duloxetine hydrochloride, a potent serotonin (5-HT) and norepinephrine reuptake inhibitor (8) , has been approved for the management of diabetic peripheral neuropathic pain (DPNP) and for the treatment of major depressive disorder. In all three placebo-controlled trials conducted in patients with DPNP, duloxetine demonstrated efficacy in reducing pain severity in patients with DPNP at 60 mg once daily and twice daily (9 -11) .
A number of baseline diabetes/ diabetic peripheral neuropathy disease characteristics, as well as patient demographics, may affect the effectiveness of pharmacological management of DPNP. For instance, pharmacotherapy of chronic pain presents special problems in elderly patients, which may be attributed, in part, to age-associated changes in the metabolism and clearance rate of drugs (12) . It is difficult to treat chronic pain adequately in elderly patients without adverse effects (13) . Studies also have shown gender differences in the perception of pain intensity for both acute and chronic pain in response to analgesics (14) . Baseline pain severity also may affect treatment outcome. It has been reported that greater pain severity may be associated with substantial patient burden resulting from interference with daily functioning, especially in patients with suboptimal pain management (15) . The objective of this analysis was to evaluate the impact of various baseline disease characteristics on the efficacy and safety of duloxetine in the management of DPNP, using pooled data from three clinical studies.
RESEARCH DESIGN AND
METHODS -The present analysis was based on pooled data from three 12-week, double-blind, randomized, placebo-controlled, multicenter trials (studies 1-3). Entry criteria and study designs
From the 1 German Diabetes Center, Leibniz Institute at the Heinrich Heine University, Dü sseldorf, Germany; andwere nearly identical for all three of these phase 3 clinical trials (9 -11). For study 1, patients (n ϭ 457) were randomly assigned to duloxetine, 20 mg q.d., 60 mg q.d., or 60 mg b.i.d., or placebo in a 1:1: 1:1 ratio for the 12-week therapy phase, as determined by a computer-generated random sequence using an interactive voice response system. Patients were seen weekly for the first 5 weeks of treatment and biweekly thereafter. Studies 2 and 3 had an identical design and assessed the efficacy and safety of 60 mg q.d. and 60 mg b.i.d. duloxetine. In studies 2 and 3, patients were randomly assigned to duloxetine, 60 mg q.d. or 60 mg b.i.d., or placebo in a 1:1:1 ratio. The duration of treatment for studies 2 and 3 was 12 weeks of active treatment plus a 1-week taper phase.
Patient selection
The entry and exclusion criteria were identical in all three trials. Patients were eligible for the study if they were Ն18 years old with type 1 or type 2 diabetes and bilateral peripheral neuropathic pain of at least moderate severity. The patients' pain had to begin in the feet and with relatively symmetrical onset. The daily pain must have been present for at least 6 months, and the diagnosis of diabetic peripheral neuropathy was to be confirmed by a score of Ն3 on the Michigan Neuropathy Screening Instrument (16) . Patients with axis 1 psychiatric disorders were excluded (17, 18) .
Efficacy measures
The primary efficacy measure for all three studies was the weekly mean of the 24-h average pain scores (computed from the patient diary scores), as measured by an 11-point (0 ϭ no pain, 10 ϭ worst possible pain) Likert scale. A secondary efficacy measure was night pain (recorded daily by patients in a diary and calculated weekly), as measured by the 11-point Likert scale.
The consistency of the effect of duloxetine (60 mg q.d. and b.i.d. pooled) on both 24-h average pain and night pain severity was assessed in subgroups of patients stratified by age (Ͻ65 years, nonelderly, or Ն65 years, elderly), type of diabetes (type 1or type 2), duration of diabetes (median split Ͻ9.18 or Ն9.18 years), duration of diabetic neuropathy (Ͻ2, 2 to Ͻ6, or Ն6 years), severity of neuropathy (baseline Michigan Neuropathy Screening Instrument score median split Ͻ5 or Ն5), baseline pain severity (Brief Pain Inventory average pain, mean split Ͻ6 or Ն6), baseline A1C level (median split Ͻ7.6 or Ն7.6%), and baseline insulin use (yes/no) from pooled data of the three placebo-controlled studies.
Safety and tolerability assessments
Safety and tolerability were assessed by comparing different duloxetine doses (60 mg q.d. and b.i.d.) with placebo. Safety measures included discontinuations due to adverse events, treatment-emergent adverse events, vital signs (sitting blood pressure and heart rate), and laboratory analytes. Fasting glucose, lipids, A1C, and other clinical chemistries were determined by standard techniques at a central laboratory (Covance Laboratories, Princeton, NJ).
Statistical analysis
All analyses were conducted on an intentto-treat basis. Data from all three studies were pooled to gain adequate statistical power to test treatment-by-subgroup interaction. Duloxetine, 20 mg q.d., in study 1 was not included in the analyses because of its lack of efficacy (9) .
Baseline was defined as the last nonmissing observation at or before randomization, and end point was defined as the last non-missing observation in the acute therapy phase.
For the efficacy measures, changes in 24-h average pain severity and night pain severity from baseline to end point were evaluated using the ANCOVA model with the terms of treatment, study, and baseline. For subgroup analysis, the additional terms "subgroup" and "treatmentby-subgroup interaction" were added to the above ANCOVA model and tested using the type II sum of squares. The treatment-by-subgroup interaction was evaluated at the significance level of 0.10. Using significance level 0.1 for the interaction test is considered more conventional than 0.05 for testing interaction (19). The word "interaction" is to evaluate the consistency of response to duloxetine treatment between (or across) different strata of a subgroup (example: age Ͻ65 vs. Ն65).
For safety measures, changes in continuous measures were evaluated using an ANOVA model with the terms of treatment and study. The rank-transformed changes for laboratory data were used in the model, since the distribution of raw data for most of the analytes was skewed. Categorical data were analyzed using the Cochran-Mantel-Haenszel test stratified by study.
Throughout this article, the term "significant" indicates statistical significance, and when presenting efficacy results, the "mean change" refers to "least-squares mean change."
RESULTS

Patient demographics and characteristics
Baseline demographics and characteristics of patients in all three studies are summarized in Table 1 . A majority of the patients in these studies were Caucasian (85.5%), with a mean age of 59.8 years. No significant differences were observed between the duloxetine and placebo groups.
Efficacy in 24-h average pain severity and night pain severity Subgroup analyses from pooled data of all three studies showed that for the 24-h average pain severity and night pain scores, there were no statistically significant interactions of treatment by age, type of diabetes, duration of diabetes, duration of diabetic neuropathy, severity of neuropathy, baseline A1C level, and baseline insulin use (Tables 2 and 3) . Similar results also were observed in sex and ethnicity subgroups. Treatment-by-baseline severity interactions were significant for both efficacy measures (P ϭ 0.052 for 24-h average pain and P ϭ 0.026 for night pain severity). Duloxetine's effect was significantly greater than placebo for either subgroup, whereas the magnitude of treatment group difference was greater for individuals with more severe pain at baseline (Tables 2 and 3 ).
Safety and tolerability
When the incidence of discontinuation due to adverse events was investigated in patient subgroups stratified by age, sex, type of diabetes, and baseline insulin use, no statistically significant (P Ͼ 0.10) treatment-by-subgroup interactions were observed. The incidence of treatment-emergent adverse events was analyzed from pooled data of three DPNP studies for duloxetine, 60 mg q.d. or 60 mg b.i.d., and placebo groups, and the results are summarized in Table 4 . In patients treated with duloxetine, treatment-emergent adverse events had a Ն5% incidence and twice the incidence for placebo-treated patients, and the majority of them were significantly (P Ͻ 0.05) different from the placebo group. The incidence of treatmentemergent adverse events also was analyzed in subgroups stratified by age, sex, type of diabetes, and baseline insulin use. Significant treatment-by-subgroup interactions were observed for the following treatment-emergent adverse events: constipation in age subgroups (P ϭ 0.085), fatigue and diarrhea in sex subgroups (P ϭ 0.028 and P ϭ 0.053, respectively), nausea in type of diabetes subgroups (P ϭ 0.034), and nausea in baseline insulin subgroups (P ϭ 0.042).
When the mean changes of diastolic blood pressure and heart rate were investigated in patient subgroups stratified by age, sex, and type of diabetes, there were no statistically significant treatment-bysubgroup interactions. For the mean change of fasting glucose level, there was no significant interaction of treatment by age, sex, type of diabetes, or baseline insulin use.
CONCLUSIONS -The subgroup analyses for both pain severity scores showed that there were few statistically significant (P Ͻ 0.10) interactions of treatment by subgroups stratified by various baseline characteristics, suggesting that the effectiveness of duloxetine is in- variant with respect to those baseline characteristics examined. The treatmentby-baseline severity assessment was not a qualitative measure. Among the baseline variables investigated, significant treatment-by-baseline severity (Brief Pain Inventory average pain, Ն6 and Ͻ6) interactions were observed for both pain efficacy measures. These data suggest that duloxetine is more effective in patients with higher baseline pain severity or that there is a larger drug-placebo difference in patients with greater pain. We cannot exclude the statistical phenomenon of a regression toward the mean, as in both the placebo and duloxetine groups with a higher baseline 24-h average pain; night pain severity is reduced to a higher degree than in individuals with a lower baseline 24-h average pain. However, 24-h pain severity in patients with a higher versus lower baseline 24-h average pain shows a somewhat stronger reduction in the duloxetine group than in the placebo group, supporting the notion that the drug is particularly useful in patients with severe 24-h neuropathic pain.
The subgroup analyses for the efficacy measures presented here focused on weekly mean changes of the 24-h average pain severity and night pain scores. Farrar et al. (20) analyzed the pooled results of 10 placebo-controlled studies involving patients with chronic pain syndromes (diabetic neuropathy, postherpetic neuralgia, chronic low back pain, fibromyalgia, and osteoarthritis) to corroborate the association between change in pain intensity numeric rating scale and an improvement in quantifiable measures of clinical status. The analysis showed that, on average, a reduction of ϳ2 points from baseline on an 11-point pain rating scale (equivalent to a 30% reduction on pain severity from baseline) corresponds to a clinically meaningful improvement (20) . In the present analysis, the mean changes of the 24-h average pain severity were reduced in the range of 2.3-3.8 points across all the subgroups with duloxetine treatment and 1.4 -2.7 points with placebo treatment, thus supporting the clinical relevance of duloxetine's efficacy in the management of DPNP.
Significantly more patients treated with duloxetine were discontinued because of adverse events compared with patients treated with placebo, and no association between the baseline characteristics examined and the tolerability of duloxetine was observed. There were statistically significant treatment-by-subgroup interactions for several treatment-emergent adverse events, including constipation, fatigue, diarrhea, and nausea in age, sex, type of diabetes, and baseline insulin use subgroups, respectively. The absence of significant cardiovascular changes due to duloxetine therapy in the present analyses and other published reports (9,10) suggests that patients with diabetes undergoing duloxetine treatment do not require additional intensive assessment of their cardiovascular status.
Duloxetine-treated patients had a statistically significant decrease in A1C in these short-term studies (Ϫ0.09%; P ϭ 0.013). It is unclear how duloxetine might affect glucose homeostasis, but some noradrenergic antidepressants (e.g., desipramine) have shown to modulate glucose homeostasis (21) . It has been reported that increased noradrenergic effects may be associated with elevation of blood glucose in humans, since catecholamines can promote hyperglycemia through multiple mechanisms (e.g., inhibition of insulin secretion, stimulation of gluconeogenesis, and decrease in insulin sensitivity) (22) .
The present analysis has several limitations. The results are based on post hoc analyses from pooled data of three acute treatment trials of 12-13 weeks and may not be generalized to a longer duration of treatment of DPNP, a chronic condition requiring management for Ͼ12 weeks. Because patients were selected from those with very limited or stable medical conditions and stable doses of concomitant medications, the applicability of these controlled clinical trial results to typical outpatients is limited.
In conclusion, the present analyses suggest that duloxetine was effective and well-tolerated in the management of DPNP, and its effectiveness was invariant with respect to diabetes and/or diabetic peripheral neuropathy baseline conditions, except for pain severity. Diabetesrelated determinants such as duration or type of diabetes, glycemic control, and insulin treatment do not predict the effects of duloxetine in DPNP. The same holds true for the duration and severity of the neuropathic process itself. Thus, the efficacy of duloxetine is not limited to particular subgroups but rather is generalizable across a broad spectrum of diabetic patients, including those showing the highest degrees of severity of diabetes or neuropathy. In contrast, efficacy may even be enhanced in cases with relatively high pain intensity.
